Quantitative techniques have been applied to the exfoliative cytology of normal and abnormal human oral mucosal squames. This study is ongoing but early results indicate that a normal baseline for clinically normal oral squames, related to age and site, may be difficult to achieve. However, results obtained for the pathological smears suggest that these techniques may improve the diagnostic sensitivity of cytology in the management of oral cancer.
Introduction
In the past controversy has surrounded the use of exfoliative cytology in the management of oral malignancy. Its wider application as a diagnostic technique has been limited by the occurrence of false-negative results, which have been variously estimated as ranging between 0% and 63.9% (Hayes et al. 1969 , Folsom et al. 1972 , Allegra et al. 1973 . Despite this, cytology has proved to be of value as an adjunct to biopsy in the monitoring of suspicious lesions and determining the best site for biopsy for widespread white patches, in the follow up of lesions to exclude recurrence, for use in the patient nervous of biopsy and where surgery is contraindicated (Selbach & von Haam 1963 , Allegra et al. 1973 , Silverman et al. 1977 , Bernstein & Miller 1978 .
Previous cytology studies have been restricted largely to the subjective interpretation of abnormal oral mucosal squames, and quantitative techniques have been rarely used. Thus in my laboratory, I have applied and developed quantitative techniques to oral exfoliative cytology in an attempt to increase its diagnostic reliability above and beyond subjective cytopathological interpretation.
The quantitative techniques have included DNA cytophotometry and cytomorphology of oral mucosal squames. Cytophotometry relies on the optical quantification of a chemical substance incorporated into the DNA of a cell, in this case the Feulgen stain. The measurement of nuclear Feulgen DNA content has been used extensively in automated uterine cervical screening (Bohm & Sandritter 1975) . However, its use as a single diagnostic criterion of malignancy has proved suspect, due to the occurrence of diploid (normal) DNA distributions in malignancy (Doyle & Manhold 1975 , Sprenger & Witte 1979 .
Using cytophotometry it is possible to characterize the proliferative activity of cell populations (Fossa & Kaalhus 1977 , Grove 1979 . Normal oral squames display a diploid DNA distribution, indicative of a non-replicating cell population. Malignant cell populations may display a number of different DNA profiles; for example diploid, polyploid, aneuploid or hyperdiploid distributions. The diploid DNA distribution is similar to that obtained for normal tissue. The polyploid distribution shows that the nuclei contain varying amounts of DNA. The aneuploid distribution reveals that the nuclear DNA content does not conform to a recognizable pattern and in the case of a hyperdiploid DNA distribution all the nuclei contain large amounts of DNA.
It is the occurrence of a diploid (normal) DNA distribution in malignancy which reduces the sensitivity of DNA measurement as a single diagnostic criterion of malignancy. In an 'Based on paper read to Section of Odontology, 23 January 1984 . Accepted 17 May 1984 attempt to overcome this, DNA measurements were combined with the measurement of another criterion known to vary in malignancy, namely nuclear area.
A pilot study has been performed on clinically normal buccal squames collected from young adult volunteers, in an attempt to produce a normal baseline for comparison with results obtained for pathological tissue (Cowpe & Longmore 1981) . All the smears displayed diploid (normal) DNA distributions, indicative of non-replicating cell populations. There was marked variation in the nuclear area values within each individual smear. However, there was no statistically significant variation in nuclear size amongst the sample as a whole.
In a further study (Longmore & Cowpe 1982) , similar measurements were carried out on a series of normal buccal smears and a small selection of pathological smears collected from lesions presenting in the oral cavity. Again, all the normal smears displayed diploid DNA distributions and there was no statistically significant variation in nuclear size amongst the sample as a whole. For the malignant lesions under investigation, the DNA distributions were polyploid and there was a statistically significant elevation in the nuclear area values compared with the series of normal smears. However, some lesions which histologically displayed no evidence of epithelial dysplasia did show. significantly elevated nuclear area values. At this stage, it was decided to extend the quantitative studies to include DNA cytophotometry and the measurement of the following cytomorphological criteria: nuclear area, cytoplasmic area, and nuclear/cytoplasmic ratio.
In the past, there have been few quantitative studies carried out on age-and site-related changes occurring in normal oral squames. Pappelis et al. (1973) could detect no significant variation in nuclear and cell size in relation to age, for a small sample of 11 males between the ages of 6 and 80 years. Lee et al. (1973) could detect no significant variation in nuclear and cell size between squames collected from buccal and lower labial mucosa. In view of this and the fact that the majority of sinister oral lesions present in an older age group, it was felt judicious to carry out a further age-and site-related survey on clinically normal oral squames. Identical measurements were also performed for a series of lesions presenting in the oral cavity. In these patients, where possible, smears were also collected from the corresponding clinically normal site for 'intrapatient' comparison.
Methods
Smears were collected from clinically normal and abnormal oral mucosa using a wooden tongue spatula and smeared onto dry glass slides. For DNA cytophotometry, the smears were fixed with methanol: formalin: acetic acid, and Feulgen staining was carried out according to the method of de Tomasi. For cytomorphology measurements (nuclear area, cytoplasmic area and nuclear/cytoplasmic ratio), the smears were fixed in equal parts of diethyl ether and 95% ethyl alcohol and stained with Papanicolaou stain.
For DNA cytophotometry, 50 randomly selected nuclei were measured for each smear, using a Vicker's M85 scanning and integrating microdensitometer at x 100 under oil immersion. The DNA values, measured in ar-bitrary optical density units, were fed into a computer to produce DNA distribution histograms for each smear.
For cytomorphology measurements, the boundaries of 50 randomly selected cells and their nuclei for each smear were traced using a Leitz drawing tube attached to a Leitz microscope, at x 100 under oil immersion. The measurements of nuclear area, cytoplasmic area and nuclear/cytoplasmic ratio were obtained from the tracings using a Reichart semiautomatic image analyser interfaced to a Pet 8032 mini computer for the print-out of results.
For the clinically normal oral mucosa, five sites were selected for measurement: buccal mucosa, floor of the mouth, junction of hard and soft palate, lower labial mucosa and the dorsum of the tongue.
Results
Confirming the previous studies, the clinically normal oral squames displayed diploid DNA distributions. The cytomorphological results for 75 individuals to date suggest an presenting in the oral cavity increase in the range for mean nuclear/cytoplasmic ratio of oral squames with advancing age. A variation in all three cytomorphological values was detected between the five sites under investigation. Statistical analyses are presently underway to determine the degrees of variation for normal oral squames matched for age and site.
The results obtained for a series of lesions presenting in the oral cavity are summarized in Figure 1 . A graph has been plotted of the mean nuclear/cytoplasmic ratio (NC ratio) values against the mean nuclear area (NA) values for each lesion. Various symbols have been designated for the following histopathological categories: lichen planus, lesions displaying no evidence of epithelial dysplasia, lesions displaying evidence of varying degrees of epithelial dysplasia and cases of frank malignancy.
At this early stage, a pattern is emerging in which the lesions can be separated into three histological types; non-dysplastic, dysplastic and malignant.
Discussion
The normal oral squames displayed diploid DNA distributions, confirming the findings of earlier pilot studies (Cowpe & Longmore 1981 , Longmore & Cowpe 1982 . However, it is probable that a normal baseline for cytomorphological measurements, matched for age and site, may be unattainable.
The following preliminary conclusions have been made from the results obtained for pathological squames. Firstly, all the malignant lesions displayed abnormal DNA distribution histograms and their cytomorphological values displayed significant variation when compared with clinically normal squames collected from the same patient. This consisted of a significant elevation in mean nuclear/cytoplasmic ratio due to significant elevation in mean nuclear, area and a significant reduction in mean cytoplasmic area. Secondly, lesions which displayed histological evidence of varying degrees of epithelial dysplasia but no overt malignancy, displayed abnormal DNA distributions. Where there was a rise in mean nuclear/cytoplasmic ratio this was due mainly to a decrease in total cell area with little or no change in mean nuclear size. Thirdly, smears collected from the corresponding clinically-normal site in the same patient provided an ideal 'intrapatient' control for comparing results obtained for pathological tissue. There is a certain degree of overlap between the results obtained for dysplastic lesions and some of the malignant lesions, and this area will be of most interest for future quantitative cytological investigations.
As well as cytological changes related to age and site, previous studies have reported changes related to iron, B12 and folic acid deficiency (Boddington & Spriggs 1959 , Monto et al. 1961 ) and also menstruation (Main & Ritchie 1967) , radiotherapy (Peters 1958 ) and chemotherapy (Monto et al. 1963) . The effects of these factors on quantitative cytology are under investigation at the present time.
The early diagnosis of oral cancer is difficult, due to the asymptomatic hature and benign appearance of these lesions on initial presentation. The major advantage of exfoliative cytology is the noninvasive character of the technique, which allows a simple and pain-free collection of intact cells from different layers in the epithelium for microscopical examination and quantitative evaluation. The quantitative studies outlined in this paper are ongoing, and early results are sufficiently encouraging to indicate that the use of these techniques may improve the diagnostic reliability of exfoliative cytology in the management of oral malignancy.
